In this paper, a series of zinc cobaltite catalysts with the general formula Zn x Co 1−x Co 2 O 4 (x = 0.25, 0.50, 0.75 and 1.0) has been prepared using the co-precipitation method. Thermal analyzes (TGA and DTA) were used to follow up the thermal events accompanying the heat treatment of the parent mixture. Based on these results, the various parent mixtures were calcined at 500˚C. The obtained solid catalysts were characterized by using XRD, FT-IR and N 2 -adsorption. The catalytic decomposition of N 2 O to N 2 and O 2 was carried out on the zinc-cobaltite catalysts. It was found that partial replacement of Co 2+ by Zn 2+ in Co 3 O 4 spinel oxide led to a significant improvement in their N 2 O decomposition activity. Moreover, the catalytic activity was found to be depended on the calcination temperature utilized.
Introduction
In the last two decades, there has been considerable increased concern about the harmful effects of N 2 O on our atmosphere. N 2 O is recognized as a strong greenhouse gas and also severely destructs the ozone in the stratosphere [1] [2] [3] [4] .
Moreover, it causes the formation of acid rains [4] . The atmospheric lifetime of nitrous oxide is about 120 years and its present concentration is 326 ppbv, whereas its Global Worming Potential (GWP) is 310 times higher than that of CO 2 [1] . The catalytic decomposition of N 2 O to its elements, i.e. N 2 and O 2 , is consi-dered as an efficient rout to minimize its emission to the atmosphere.
Polycrystalline metal cobalt oxide (cobaltites) having the general formula MCo 2 O 4 where M is divalent metal ion such as Mg, Mn, Zn, Ni, Co and Cu, have wide ranging applications in various technical fields [5] - [13] . It is established that various spinel cobaltites are effective catalysts for a number of industrial processes such as soot combustion [14] , methane combustion [15] [16] , methanol decomposition [17] [18] and the oxidation of various compounds such as cyclohexane [19] , propane [20] , CO [21] [22] and 2,3,5-trimethylphenol [23] .
The catalytic decomposition of N 2 O was investigated over various catalysts formulations. An interesting review on this topic was published recently by Konsolakis [3] . The reported state of the art catalytic systems is bare oxides, hexaaluminates, hydrotalcites, spinels, perovskites and mixed metal oxides under various effluent stream components (e.g., O 2 , NO and H 2 O) [3] . Among these catalysts categories, metal oxide based spinel catalysts revealed the lowest light off temperature (temperature corresponded to the 50% conversion). Therefore, focusing our attention to this catalysts category, high N 2 O decomposition activity was exhibited by this class of catalysts [24] - [36] . For instance, Russo et al. [24] studied N 2 O decomposition over a series of spinel oxide catalysts (chromites, ferrites and cobalities) being prepared by the solution combustion route. Their results indicated that the catalytic activity of the prepared spinel oxides essentially depended mostly on the B site metal (Cr, Fe and Co). The catalysts hosting cobalt at the B site presented the best N 2 O decomposition activity [24] .
Yan et al. [25] 
Catalytic Activity Measurements
The 
Catalysts Characterization
Thermoanalytical measurements (TGA and DTA) were carried out using a Shimadzu DT-60 instrument apparatus. The sample (10 mg) was placed in a platinum crucible and heated at a heating rate of 10˚C min −1 in air flowing at a rate of 40 ml·min −1
. XRD was used to check the formation of the spinel oxides structure in the prepared solids. X-ray diffraction patterns were obtained at room temperature using a Philips X-ray diffractometer (type PW 103/00) employing copper radiation (λ = 1.5405 Å). The X-ray tube was operated at 35 kV and 20
mA. The diffraction angle 2θ was scanned at a rate of 0.06 min −1 . The data were analyzed using JCPDS standards cards. The FT-IR spectra were recorded at room temperature for the prepared catalysts in the wavelength region 4000 -400 cm −1 using KBr disk technique. Nitrogen adsorption-desorption isotherms were constructed using a NOVA 3200e automated gas sorption system at liquid nitrogen temperature (−196˚C). Prior to the measurements, each sample was degassed for 3 h at 250˚C. The potassium ion concentrations in the various samples were determined by atomic adsorption using 210 VGP atomic absorption spectrophotometer.
Results and Discussion

Thermal Analyses
The thermal events accompanying the heat treatment, from ambient till 1000˚C, 
X-Ray Diffraction
X-ray diffraction patterns were determined for the 500˚C calcination products of the Zn/Co mixtures. The obtained patterns ( Figure 2) N 2 O decomposition (vide infra), the study was extended to check the effect of increasing the calcination temperature on its activity. Figure 3 shows the XRD patterns for the Zn/Co mixture with x = 0.75, which are calcined at 500˚C, 750˚C and 1000˚C. It is evident that raising the calcination temperature from 500˚C to 750˚C leads to: 1) a marked decrease in the intensity of the reflections due to ZnO; and 2) an intensity increase of all the peaks due to the spinel oxide.
Further increase in the calcinations temperature to 1000˚C resulted in a dramat- (Figure 1(a) ). [47] . In this regard, the detection of the carbonate absorptions for these samples goes parallel with the measured residual potassium ions concentration for the zinc containing catalysts ( Table 1 ). The spectra of the two catalysts having x = 0.75 and 1.00 show a weak absorption at 480 cm reveals that all spectra show the two bands characterizing the Zn-Co spinel structure at 577 and 671 cm −1 . However, the intensity of these two absorptions decreases continuously with the calcination temperature rise. Concurrently, Kostova et al. [48] reported that the intensity of the Zn-Co spinel bands, ν 1 and ν 2 , increase with temperature increasing to as high as 700˚C. The intensities of these bands stop to increase at 800˚C and decrease after treatment at 900˚C.
FT-IR Spectra
Such result is in a good agreement with the XRD analysis for the same samples [48] . All the obtained spectra ( Figure 5 ) indicate the persistence of the absorptions due to the carbonate phase with the temperature raise. For the sample calcined at 750˚C, one can notice the disappearance of the absorption due to ZnO at 480 cm −1 , which suggests the presence of zinc as Zn-Co spinel only without ZnO impurities. Such suggestion is in a good agreement with the XRD results ( Figure 3) . The spectrum for the 1000˚C calcined catalyst shows a weak absorption at 553 which is due to the CoO [49] [50].
N2 Adsorption
N 2 adsorption data of the catalyst with x = 0.0 is published elsewhere [32] . Nitrogen adsorption-desorption isotherm s of the zinc-containing catalysts being calcined at 500˚C are plotted in Figure 6 . As it can be seen from that The specific surface areas of these adsorbents were calculated using the BET equation and the obtained values are tabulated in Table 2 . It is obvious that S BET Figure 6 . Nitrogen adsorption-desorption isotherms of the Zn x Co 1−x Co 2 O 4 catalysts calcined at 500˚C (closed symbols refer to adsorption branches whereas open ones refer to desorption branches).
decreases as the x-value increases till x = 0.50 followed by an increase on further x-value increase till x = 1.00. Figure 7 Table 2 . An inspection of the data given in Table 2 reveals that the trend of variation of these parameters with x-value is similar to that shown for the S BET variation. The pore size distribution curves for the different adsorbents in the Zn/Co catalysts prepared by the co-precipitation method and calcined at 500˚C are shown in Figure 7 Table 2 indicates that this decrease is accompanied by a continuous decrease in both the micropore and the total pore volumes. . The dependence of the activity promotion on the Zn-concentration was also reported for this system of catalysts by Yan et al. [25] . Their results decomposition, between the data presented in Figure 8 and the report of Yan et al. [25] , could be due to the difference of preparation method and post-synthesis treatment of the precursor compounds.
N2O Decomposition Activity
The obtained high activity of the Zn/Co catalysts compared to the bare Co 3 O 4 spinel oxide catalyst [31] [32] can be understood in terms of the following points: 1) From the catalysts characterization data, it was shown that the thermal reduction of the spinel phase to its components, for the catalyst with x = 0.75, occurs at 915˚C as shown by the endothermic peak in Figure 1( 
In this mechanism, the regeneration of the catalysts active centers, i. [35] pointed out the importance of surface area increase in enhancing the N 2 O decomposition over ceria promoted Co 3 O 4 catalysts. Similar findings were reported for Mg/Co catalysts [29] . Therefore, the higher surface areas of the catalysts with X = 0.75 and 1.00, especially at high reactor temperatures, offer more active centers participating in N 2 O adsorption and thus increasing the activity. rise. Pushing the calcination temperature to 1000˚C is accompanied by a sharp drop in the activity where the maximum conversion did not exceed 12% at 500˚C reactor temperature.
The characterization results demonstrated that calcining this composition at 750˚C leads to the formation of the perfect spinel structure. Therefore, it is plausible to relate the observed activity decrease to the observed decrease in the BET surface area (Table 2) as well as the expected crystallite size increase at such temperature. Regarding the 1000˚C calcined catalyst, it was also concluded from the characterization data that at such pretreatment temperature zinc cobaltite decomposes to the oxides of its constituents, i.e., zinc and cobalt oxide, together with the Co 3+ → Co 2+ reduction. Thus, one can state safely that in addition to the sintering effects which predominate at high temperatures, the observed sharp activity decrease for the 1000˚C calcined catalyst is influenced by the structure modifications taking place at such high temperature. 
Conclusion
This paper focuses on the preparation and activity evaluation of zinc substituted 
